G435R reverse-cag aga cag ccc tgc tcg tgc tgc c R398W forward-ctg tgc tgg gat ctc tgg cag tct ggt tac c R398W reverse-ggt aac cag act gcc aga gat ccc agc aca g
The mutant cDNAs were then subcloned into pMGIB-3xFLAG and pMGIB-3xHA vectors for expression studies.
Cell culture, retroviral transduction and siRNA transfection
All adherent cell cultures were grown in DMEM/10% fetal bovine serum/1% penicillin and streptomycin (PS). Lymphoblast cultures were grown in RPMI-100/10% fetal bovine serum /1% PS.
Retroviruses were generated from 293T cells by cotransfecting plasmids encoding RSV(Gag+Pol), VSV-G, and the retroviral expression or shRNA plasmids by calcium phosphate precipitation. 105 target cells were transduced twice and selected for approximately 1 week in 2ug/ml puromycin and 1ng/ml blasticidin S. Pooled siRNAs (siGENOME, Dharmacon) were transfected using Dharmafect 4 at 25nM. Cells were replated and tranfected again 48hrs after the first transfection and analyzed 48hrs after the second transfection.
Immunofluorescence, RNA fluorescence in situ hybridization(FISH) and image analysis
For immunofluorescence studies, HeLa S3 cells grown directly on coverslips, or lymphoblasts cytospun on slides were first fixed with 4% paraformadehyde in PBS, permeabilized with PBS/0.2% Triton-X100, and blocked in PBS/1% BSA. Primary antibodies (dyskerin (serum; gift from Phillip Mason) -1:2500, TCAB1 -20 ng/mL, p80-coilin (Abcam) -100 ng/mL, HA (3F10; Roche) -50 ng/mL) were incubated for 1 hr in PBS/1% BSA. Coverslips were washed 3 times with PBS for 5 min each. Secondary DyLight488 or Cy3 conjugated antibodies (at 1:800 dilutions; Jackson Immunoresearch) were incubated for 1 hr in PBS/1% BSA. Coverslips were again washed 3 times with PBS for 5 mins each and mounted using Vectashield with DAPI (Vector labs). To visualize subnuclear structures, cells were washed in ice cold sucrose-triton buffer(0.5% Triton X-100, 20 mM HEPES, pH 7.9, 50 mM NaCl, 3 mM MgCl2, 300 mM sucrose) for 5 mins and fixed in 3% paraformadehyde/2% sucrose/PBS and stained as above.
RNA in situ hybridization was carried out according to protocols provided by the by Singer lab (http:// singerlab.org/protocols/insitu_mammalian.htm), except that cells were first permeablized using CSK buffer (100mM NaCl, 300mM sucrose, 3mM MgCl2, 10mM PIPES, 0.5% Triton, 1mM EGTA) supplemented with 2mM vanadyl ribonucleoside for 5 mins on ice before fixation. 30ng of three Cy3 labelled oligo probes complementary for TERC was used per hybridization for HeLa S3 cells and 75ng for lymphoblasts. The probe sequences were described previously (Cristofari et al. 2007; Tomlinson et al. 2008 ).
For the negative control for FISH assays, cells were first treated with 3ug/ml RNase A in PBS for 3hrs at 37C and washed 3 times in PBS and once in 2xSSC/50% formamide prior to hybridization.
Immunofluorescence and FISH Images were acquired on a Leica upright microscope at 60x magnification unless otherwise indicated. Images were adjusted and cropped in Adobe Photoshop CS4, with the same adjustment applied to all images within the group of comparison. For colocalization analyses following immunofluorescence, images were imported in ImageJ and analyzed using the 'Colocalization' plug-in with a threshold of 30%-50%. For colocalization analyses of FISH experiments, the images were overlaid in Adobe Photoshop CS4 and directly assessed for detectable overlap.
Immunoblot and Northern blot
For all immunoblot analyses cells were lysed using NP40 buffer (25 mM HEPES-KOH, 150 mM KCl, 1.5 mM MgCl2, 10% glycerol, 0.5% NP40, 5 mM 2ME, pH 7.5 supplemented with protease and phosphatase inhibitors) for 20mins on ice. Extracts were then clarified by centrifugation for 16,000 g for 10 min and quantified by Bradford assay. Standardized protein samples were boiled in Laemmli sample buffer and fractionated by 8% SDS-PAGE. Proteins were transferred to PVDF membranes (GE Health), blocked in 2.5% nonfat dry milk in TBS-T for 30 min, and incubated in primary antibody overnight at 4 °C. The primary antibodies used were: Flag (M2, Sigma) -100 ng/mL; TCAB1(rabbit polyclonal, affinity purified -20 ng/ml), HA (3F10, Roche)-10ng/ml; tubulin (DM1A; Sigma) -1:40,000. The next day, membranes were washed in TBST, incubated for 1 hr in 1:10,000 peroxidaseconjugated secondary antibody (Jackson Immunoresearch), washed again 3 times for 5 mins each in TBST and developed by ECL+ reagent (Pierce).
For Northern blotting of small RNAs, 4ug of total cellular RNA was first separated on a 5%
polyacrylamide-urea/TBE gels and transferred onto Hybond N+ (Amersham). The membrane was then hybridized in UltraHyb with the radiolabelled probes as previously described (Tomlinson et al. 2008; Venteicher et al. 2009 ).
Immunohistochemistry
Tongue squamous cell carcinoma sections were deparaffinized, hydrated and heated treated in antigen unmasking solution (Vector Labs). Slides were successively blocked with 100mM glycine, avidin block, biotin block for 15 mins each and antibody blocking solution (10mg/ml BSA, 5% normal goat serum, 0.01% Triton-100 in PBS) for 1hr at room temperature. The slides were incubated overnight with anti-TCAB1 in blocking solution at 200ng/ml. Next day slides were washed in PBS and incubated with DyLight-549 conjugated anti-rabbit secondary antibodies for 1hr. For p80-coilin staining, slides were blocked with M.O.M Immunodetection block solution (Vector Labs) for 1hr at room temperature and incubated with mouse anti-coilin antibody at 4ug/ml in MOM diluent overnight.
Biotinylated secondary antibody against mouse IgG was used at 1:250 in M.O.M diluent and signal visualized using DTAF-streptavidin for 1:600 in MOM diluent. All secondary antibodies were from Jackson Immunoresearch. Figure S3 .
Supplemental
(A) Highly efficient knockdown of TCAB1 was achieved using pooled siRNA in HeLa S3 cells. 
